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[TITLE OF DOCUMENT] SPECIFICATION 
[TITLE OF INVENTION] 

DRIVE UNIT FOR BRUSHLESS FAN MOTOR AND CONTROL METHOD 
THEREOF 

[CLAIMS] 

1. A drive unit for a brushless fan motor including a stator provided 
thereon with a plurality of excitation windings and a rotor including a 
plurality of rotor magnetic poles each constituted by a permanent magnet, 
comprising: 

a position detector for detecting a position of said rotor of the 
brushless fan motor; 

a rotational speed detecting means for detecting a rotational speed of 
said rotor; 

a plurahty of excitation changing over semiconductor switches each 
connected in series to each of said excitation windings so as to permit an 
excitation current to flow therethrough to each of said excitation windings 
when they are turned on; 

a drive circuit for outputting an on/off change-over signal for said 
excitation changing over semiconductor switches depending on an output of 
said position detector; 

a power feed semiconductor switch arranged between said excitation 
windings and a power supply so as to permit power to be fed from said power 
supply therethrough to said excitation windings when it is turned on; and 

a power control circuit for outputting a control signal which acts to 
control the on/off operation of said power feed semiconductor switch, thereby 
controlling the rotational speed of said rotor; 

said power control circuit controlling the on/off operation of said 
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power feed semiconductor switch based on the value of the target rotational 
speed of said rotor given as a speed command and the actual rotational speed 
obtained by said rotational speed detecting means; 

said power control circuit being constructed so that after the 

rotational speed of said rotor is stabiUzed, said power feed semiconductor 

switch may have turn-off time set shorter when an actual rotational speed is 

slower, in comparison, than said target rotational speed, and set longer when 

an actual rotational speed is faster than said target rotational speed, and set 

as it is when an actual rotational speed is substantially equal to said target 

rotational speed. 

2. A drive unit for a brushless fan motor which includes- 

a stator provided thereon with a plurality of excitation windings and 
a rotor including a pluraUty of rotor magnetic poles each constituted by a 
permanent magnet, comprising- 

a position detector for detecting a position of said rotor of the 
brushless fan motor? 

a rotational speed detecting means for detecting a rotational speed of 
said rotor; 

a plurahty of excitation changing over semiconductor switches each 
connected in series to each of said excitation windings so as to permit an 
excitation current to flow therethrough to each of said excitation windings 
when they are tvirned on; and 

a drive circuit for outputting an on/off change-over signal for said 
excitation changing over semiconductor switches depending on an output of 
said position detector; 

a power feed semiconductor switch arranged between said plurahty of 



4 




excitation windings and a power supply so as to feed power therethrough to 
said excitation windings from said power supply when it is turned onJ 

a power control circuit for controlling the rotational speed of said rotor 
by controlling the on/off operation of said power supply semiconductor 
switch; 

said power control circuit controlling the on/off operation of said 
power feed semiconductor switch based on the 

value of the target rotational speed of said rotor given as a speed command 
and the actual rotational speed obtained by said rotational speed detecting 
means; 

said power control circuit being constructed so that after the 
rotational speed of said rotor is stabilized, said power feed semiconductor 
switch may have turn-on time set longer when an actual rotational speed is 
slower, in comparison, than said target rotational speed, and set shorter 
when an actual rotational speed is faster than said target rotational speed, 
and set as it is when an actual rotational speed is substantially equal to said 
target rotational speed. 

3. A drive unit for a brushless fan motor as defined in claim 1 or 2, 
wherein said hall device for detecting the magnetic flux of said plural 
permanent magnets is provided on the side of said stator; 

said position detector and said rotational speed detecting means 
detect position and rotational speed of said rotor based on the output of said 
hall device. 

4. A drive unit for a brushless fan motor as defined in claim lor 2, 
wherein, until the rotational speed of said rotor is stabiHzed, said turn-off 
time and said turn-on time of said power feed semiconductor switch is set at 
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a predetermined value. 

5. A drive unit for the brushless fan motor as defined in claim 1, 

wherein said power control circuit normally sets said target rotational speed 
at a normal rotational speed which is slower than a maximum rotational 
speed, and set said turn-off time at zero (O) so as to rotate said rotor at said 
maximum speed, when said speed command is not entered while power is fed 
from said power supply. 

6. A drive unit for a brushless fan motor as defined in claim 1 or 2, 
wherein said power feed semiconductor switch is turned off or an alarm is 
given when the rotational speed of said rotor does not reach or surpass a 
predetermined rotational speed, after said speed command is entered. 

7. A method to control a plurality of brushless fan motors wherein the 

plural fan motors are set to rotate at a normal rotational speed which is 
slower than a maximum speed of respective fan motor and the remaining fan 
motors are set to rotate at the respective maximum speed, when at least one 
or more brushless fan motors are halted. 

8. A method to control a plurality of brushless fan motors as defined 

in claim 7, wherein a drive unit for a brushless fan motor defined in claim 6 

is used as a drive unit for a plurality of said brushless fan motors. 

[BACKGROUND OF THE INVENTION] 
[FIELD OF THE INVENTION] 

This invention relates to a drive unit for a brushless fan motor and 
control method thereof. 
[DESCRIPTION OF THE RELATED ART] 

A brushless fan motor generally includes a stator provided thereon 
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with a plxirality of excitation windings and a rotor including a plurality of 
rotor magnetic poles each constituted by a permanent magnet. The 
brushless fan motor thus generally constructed is driven and controlled by a 
drive unit. A drive unit which has been conventionally used for this purpose 
generally includes a position detector for detecting a position of the rotor, a 
rotational speed detecting means for detecting a rotational speed of the rotor, 
a plurahty of excitation changing-over semiconductor switches each 
connected in series to each of the excitation windings so as to permit an 
excitation current to flow therethrough to the excitation winding when they 
are turned on, and a drive circuit for outputting an on/off change-over signal 
for each of the excitation changing-over semiconductor switches depending 
on an output of the position detector, a power feed semiconductor switch 
arranged between a plurality of excitation windings and a power supply so as 
to permit power to be fed from the power supply to exciting windings when it 
is turned on, and a power control circuit for controlling the rotational speed 
of the rotor by controlling the on/off operation of the power feed 
semiconductor switch. The conventional drive unit using_PWM control 
generally includes a power control circuit provided with a triangle wave 
generating portion (triangle wave having a constant cycle). The slice level 
of the triangle wave is changed based on the value of the target rotational 
speed for the rotor given as the speed command to the power controlling 
circuit and the value of the actual rotational speed detected by the rotational 
speed detecting means. The change in the sUce level of the triangle wave 
controls the pulse width of the signal controlling the on/off operation of the 



7 



power feed semiconductor switches. The power fed to the excitation 

windings is varied by the on/off of the power feed semiconductor switches, 

thereby the speed of the brushless fan motor is controlled. 

[PROBLEMS TO BE SOLVED BY THE PRESENT INVENTION] 

The conventional circuit controlUng PWM is a complicated circuit 
and when such a control is executed with a micro computer, an expensive 
micro computer is necessary. 

It is an object of the present invention to provide a drive unit for a 

brushless fan motor which is capable of easily controlUng the speed of the fan 

motor without using PWM control. 
[METHODS TO SOLVE THE PROBLEMS] 

In accordance with the present invention, a drive unit for a brushless 
motor which includes a stator provided thereon with a plurality of excitation 
windings and a rotor including a plurality of rotor magnetic poles each 
constituted by a permanent magnet is provided. The drive unit generally 
includes a position detector for detecting a position of the rotor of the 
brushless fan motor, a rotational speed detecting means for detecting a 
rotational speed of the rotor, a plurality of excitation change-over 
semiconductor switches each connected in series to each of the excitation 
windings so as to permit an excitation current to flow therethrough to each of 
the excitation windings when it is turned on, and a drive circuit for 
outputting an on/off change-over signal for the excitation changing-over 
semiconductor switches depending on an output of the position detector. The 
drive unit further includes a power feed semiconductor switch arranged 
between a plurality of excitation windings and a power supply so as to feed 
power from power supply therethrough to excitation windings when it is 
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tvirned on, a power control circuit for controlling the rotational speed of the 
rotor by controlling the on/off operation of the power feed semiconductor 
switch. The power control circuit controls the on/off operation of the power 
feed semiconductor switch based on the value of the target rotational speed 
given as a speed command and the value of the actual rotational speed 
obtained by the speed detection means. 

In the present invention, the power control circuit is constructed in 
such a manner that after the rotational speed of the rotor is stabilized, the 
actual rotational speed of the rotor is compared with the target rotational 
speed of the rotor. When the actual rotational speed of the rotor is slower 
than the target rotational speed of the rotor, the turn-off time of the power 
feed semiconductor switch is shortened. When the actual rotational speed 
of the rotor is faster than the target rotational speed of the rotor, the turn-off 
time of the power feeding semiconductor switch is lengthened, and when the 
actual rotational speed of the rotor is substantially equal to the target 
rotational speed of the rotor, the turn-off time of the power feeding 
semiconductor switch is kept at the same level as it is. Such a construction 
permits power fed from the power supply to excitation windings to be 
controlled and as a result the rotational speed of the brushless fan motor is 
controlled. When the turn-off time of the power feed semiconductor switch 
is varied, as in the present invention, according to the actual rotational 
speed of the rotor with respect to the target rotational speed of the rotor, the 
rotational speed of the rotor of the brushless fan motor can be easily 
controlled just as the power feed semiconductor switch is controlled under 
PWM control. If the change is only in turn-off time, such a change can be 
easily reahzed in either case of hardware power circuit or software power 
circuit, thus cost for such device can be reduced compared with before. 
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Just as rotational speed of the rotor can be controlled by changing the 
turn-off time of the power feed semiconductor switch, the rotational speed of 
the rotor can be controlled by changing the turn-on time of the power feed 
semiconductor switch. 

Generally the hall device for detecting magnetic flux of a plurality of 
permanent magnets of the rotor is provided on the side of the stator. In the 
present invention, the position detector and the rotational speed detecting 
means may be constructed so as to detect the position of the rotor and the 
rotational speed of the rotor based on the output by the hall device. 

It is possible that the rotation of the rotor is not stabilized and the 
rotational speed may not increase when the turn-off and turn-on time of the 
power feed semiconductor switch is changed from during the starting-up 
operation of the brushless fan motor. From such a view point, it is 
preferable that the turn-on time and the turn-off time of the power feed 
semiconductor switch in the power control circuit is set at a predetermined 
time respectively until the rotational speed of the rotor is stabilized. 

For example, the rotation of a fan motor being stopped means a 
computer having the fan motor equipped therein being stopped, when a 
brushless fan motor is used for cooling a computer. Therefore, it is 
preferable that such a brushless fan motor is arranged so as not to stop as 
much as possible. Accordingly a power control circuit may be set in such a 
manner that the target rotational speed is normally set at a level (normal 
rotational speed) which is slower than a maximum rotational speed, and at a 
time point when a speed command is not detected, while power is being fed 
from the power supply, turn-off time is then set at zero (O) and the rotor is 
rotated at the maximum speed. Such an arrangement permits a brushless 
fan motor rotate with changeable rotational speed in a normal condition and 
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is arranged to rotate at the maximuni speed to prevent the temperature of 
the apparatus to be cooled from rising in an abnormal condition such as no 
speed command being detected. 

Also it is preferable that the power feed semiconductor switch is 
turned off or an alarm is given when the rotational speed of a rotor does not 
reach or surpass the predetermined level after a speed command is entered 
while the power is being fed. Such an arrangement prevents excitation 
windings from being burned down in case of a failure in starting-up 
operation between the time points of starting power feeding and the 
rotational speed's reaching the predetermined level. 

Furthermore, in the present invention, a plurality of brushless fan 

motors are rotated at a normal speed which is slower than a maximum speed, 
and when at least one or more of the plural brushless fan motors are stopped, 
the remaining brushless fan motors are rotated at the maximum speed. 
Such an arrangement can prevent an overheating of electronic apparatus 
under an abnormal condition, in which, for example, at least one or more of 
the brushless fan motors are halted, by arranging the remaining brushless 
fan motors to rotate at a maximum speed and to blow enough air 
compensating the function of the halted brushless fan motors. 
[DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT] 

Now, a drive unit for a brushless fan motor according to the present 
invention will be described with reference to the accompanying drawings. 

Referring first to Fig. 1, an embodiment of a drive unit for a 
brushless fan motor according to the present invention is illustrated. As 
commonly known in the art, conventionally a brushless fan motor is 
constituted by a stator including a plurality of winding sections and a rotor 
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including a plurality of rotor magnetic poles. The winding sections of the 
stator each are formed by arranging each of excitation windings on each of 
plural magnetic pole sections (not shown). The rotor magnetic poles each 
are constituted by a permanent magnet. Flowing of an excitation cvu*rent to 
each of the excitation windings of the stator of the brushless fan motor 
permits attraction force/repulsion force to be generated between the stator 
and the plural rotor magnetic poles of the rotor constituted by the permanent 
magnets, leading to rotation of the rotor of the brushless fan motor. 

In Fig. 1, reference characters LI and L2 designate a plurahty of 
excitation windings of a stator. A drive unit for a brushless fan motor of the 
illustrated embodiment generally includes a power control circuit 1, a drive 
circuit 3, a hall device 5, a position detector 7, a rotational speed detecting 
means 9, an abnormality judging circuit 11, a power feed semiconductor 
switch Trl, and excitation changing over semiconductor switches Tr2 and 
Tr3. The position detector 7 is adapted to detect positional relationship 
between a position of each of rotor magnetic poles of a rotor (not shown) 
which are constituted by permanent magnets and a position of each of stator 
magnetic poles of a stator each having an excitation winding wound thereon. 
The rotational speed detecting means 9 is arranged so as to detect a 
rotational speed of the rotor depending on an output of the hall device 5. 

The excitation changing over semiconductor switches Tr2 and TrS are 
connected in series to the excitation windings LI and L2 of the brushless fan 
motor, respectively. The excitation changing over semiconductor switches 
Tr2 and TrS permit an excitation current to flow to the excitation windings 
LI and L2 when they are turned on, respectively. The drive circuit 3 is 
constructed so as to output an on/off change-over signal for the excitation 
changing over semiconductor switches Tr2 and TrS depending on an output 
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of the position detector 7. The power feed semiconductor switch Trl permits 
power to be fed from a power supply Vs to the excitation windings Ll and L2 
when it is turned on. 

Also, in Fig. 1, reference character SpC designates a speed command, 
GRD is a ground, LSA is a low -speed alarm generated when rotation of the 
brushless fan motor does not reach a predetermined rotational speed, and 
HSA is a high-speed alarm informing that the motor is rotating at a 
maximum speed. After a rotational speed at which the rotor of the 
brushless fan motor is rotated is stabiUzed, comparison between an actual 
rotational speed of the rotor and a target rotational speed thereof is carried 
out. The actual rotational speed is obtained in the form of a speed signal 
SpM by detecting a rotational speed of the rotor through the hall device 5 by 
means of the rotational speed detecting means 9. The target rotational 
speed is given in the form of a speed command SpC. Then, the power 
control circuit 1 of the drive unit compares the speed signal SpM and speed 
command SpC with each other, to thereby generate a varied control output, 
resulting in on/off control of the power feed semiconductor switch Trl being 
carried out. 

Referring now to Fig. 2, an algorithm of software used for realizing a 
control section of the drive unit for the brushless fan motor shown in Fig. 1 
by means of a microcomputer is illustrated in the form of a flow chart. In 
the illustrated embodiment, a rotational speed of the rotor is controlled by 
varying turn off time of the power feed semiconductor switch Trl. In Fig. 2, 
start processing takes place in a step STl, wherein the power supply is 
turned on and then the power feed semiconductor switch Trl is subjected to 
on/off control to gradually increase a rotational speed of the brushless fan 
motor. 
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In the step ST2, the speed command SpC is counted for a 
predetermined period of time, resulting in a value of the speed command 
SpC being known. During the time, the turn-off time and turn-on time of 
the power feed semiconductor switch Trl each are set at a predetermined 
fixed value until a rotational speed of the rotor is stabilized. Then, the 
operation is advanced to a step ST3. In the step ST3, the speed signal SpM 
is counted for a predetermined period of time, so that a value of the speed 
signal SpM may be known. In the step ST3 as well, the turn-off time and 
turn-on time of the power feed semiconductor switch Trl each are set at a 
predetermined fixed value until a rotational speed of the rotor is stabiHzed, 

Then, the operation is advanced to steps ST4 to ST6, wherein a 
condition of rotation of the brushless fan motor is judged depending on the 
value of the speed signal SpM obtained in the step ST3. More particularly, 
in the step ST4, the brushless fan motor is judged to be in a locked condition 
when the speed signal SpM is at a level of, for example, 500 RPM or less, so 
that the operation is advanced to lock operation processing in a step ST 15, 
resulting in being returned to the step ST3. When the speed signal SpM 
exceeds, for example, 500 RPM, the brushless fan motor is judged to be in a 
condition of normal rotation, so that the operation is advanced to the step 
ST5. In the step ST5, judgment that the fan motor is delayed in rising of 
rotation thereof is made when the speed signal SpM is at a level of, for 
example, 1700 RPM or less, so that the operation is advanced to a step ST16. 
In the step ST16, the low-speed alarm LSA described above is outputted, 
resulting in the operation being advanced to the step ST6. Also when the 
speed signal SpM exceeds, for example, 1700 RPM, the operation is advanced 
to the step ST6. In the step ST6, input of the speed command SpC is 
checked. When the input is not detected, it is judged that abnormal 
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processing is required, so that the operation is transferred to a step ST17, 
followed by returning to the step ST2. 

Transfer to the step ST 17 is carried out, for example, when any 
abnormal condition in which the speed command is not inputted for any 
reason occurs, while the rotation is carried out at a normal rotational speed 
below a maximum speed under normal conditions with the turn-off time Toff 
being set at such a value as responding to such normal condition. When the 
brushless fan motor falls into such an abnormal condition on the other hand, 
the turn-off time Toff of the power feed semiconductor switch Trl is rendered 
zero, to thereby rotate the brushless fan motor at the maximum rotational 
speed. At this time, the high-speed alarm HSA is turned on, resulting in 
informing the abnormality. 

When input of the speed command SpC is detected as a result of 
checking of the input in the step ST6, the operation is advanced to a step ST7. 
In the step ST7, it is judged whether the brushless fan motor falls into a 
condition of stable rotation. For example, the stability may be judged 
depending on whether or not a rotational speed of the fan motor reaches 250 
rpm. When rotation of the fan motor is judged to be unstable, the operation 
is returned to the step ST2. When it is judged to be stable, the operation is 
advanced to a step ST8. In the step ST8, the speed command SpC and 
speed signal SpM obtained in the steps ST2 and ST3 are compared with each 
other. Then, the operation is advanced to any one of steps ST9 to STll 
depending on a result of the comparison. More particularly, when the speed 
command SpC is judged to be larger than the speed signal SpM as a result of 
comparison between both, the operation is advanced to the step ST9. In the 
step ST9, the turn-off time of the power feed semiconductor switch Trl is 
reduced by time Tl. The time Tl may be set to be, for example, 2ms or 
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more. When the speed command SpC and speed signal SpM are judged to 
be equal to each other, the operation is advanced to the step STIO. In the 
step STlO, the turn-off time Toff of the power feed semiconductor switch Trl 
is kept unvaried. When the speed command SpC is judged to be smaller 
than the speed signal SpM, the operation is advanced to the step STll. In 
the step STll, the turn-off time Toff of the power feed semiconductor switch 
Trl is increased by the time Tl. Then, when steps TS12 to TS14 are 
completed, the operation is returned to the step ST2. Speed control carried 
out in such a manner as described above permits the rotation to rapidly 
reach a target rotational speed. Also, it permits the rotation to be smoothly 
carried out while being reduced in overshoot after it reaches the target 
speed. 

The illustrated embodiment, as described above, is so constructed 
that the turn-off time of the power feed semiconductor switch Trl is varied to 
control a rotational speed of the fan motor. Alternatively, in the illustrated 
embodiment, the turn-on time rather than the turn-off time may be varied to 
control the rotational speed. In this instance, in Fig. 2, the turn-on time 
Ton of the power feed semiconductor switch Trl is substituted for the turn-off 
time Toff thereof in the steps ST12 to ST14. Also, a sign of the time Tl is 
reversed. More specifically, a positive sign + is changed into a negative sign 
- and a negative sign - is changed into a positive sign +. Further, the turn- 
off time Toff=0 in the step ST17 is changed into the maximum turn-on time 
Ton. 

Referring now to Fig. 3, a control section which may be employed 
when a plurahty of the brushless fan motors are connected in parallel to each 
other is illustrated. In Fig. 3, the plural fan motors each are rotated at a 
normal rotational speed slower than a maximum rotational speed, during 
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which when at least one of the fan motors is stopped, the remaining fan 
motors are rotated at the maximum rotational speed. In Fig. 3, reference 
numeral 21 designates an OR circuit, 23 is a NAND circuit and 25 is an 
abnormality processing section. Lowspeed alarms #1LSA, #2LSA ... 
#NLSA are collected from the plural brushless motors (of N in number) and 
inputted to the OR circuit 21 and NAND circuit 23. An output of the OR 
circuit 21 indicates that an alarm is outputted from at least one of drive 
units and acts as a set signal for the abnormality processing section 25. An 
output from the NAND circuit 23 indicates that an alarm is outputted from 
none of the drive units and acts as a reset signal for the abnormality 
processing section 25. An output of the abnormality processing section 25 is 
transmitted in the form of the speed command SpC to all fan motors. 

Fig. 4A and 4B show the current waveform of power feed 
semiconductor switch TRl during the operation; Fig. 4A is a waveform at a 
slow speed (2500 RPM) and Fig. 4B is a waveform at a high speed (6000 
RPM). 

[MERITORIOUS EFFECTS OF THE INVENTION] 

In the present invention, the target speed of the brushless fan motor 
and actual speed of the brushless fan motor are compared in the power 
control circuit in which the rotational speed of the rotor is controlled by 
controlling the on/off operation of the power supply semiconductor switch. 
Such an arrangement permits the rotational speed of the rotor to reach the 
target speed fast and smoothly without using complicated and expensive 
PWM method. 

In the present invention, a plurahty of brushless fan motors are 
rotated at a speed (normal speed) which is slower than a maximum speed of 
respective fan motors. When at least one or more of the brushless fan 
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motors are halted, the remaining fan motors are rotated at a respective 
maximum speed. Such an arrangement assures the reliability in the cooHng 
performance for electronic apparatus. 

While a preferred embodiment of the invention has been described 

with a certain degree of particularity with reference to the drawings, obvious 

modifications and variations are possible in Ught of the above teachings. It 

is therefore to be understood that within the scope of the appended claims, 

the invention may be practiced otherwise than as specifically described. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

These and other objects and many of the attendant advantages of the present 
invention will be readily appreciated as the same becomes better understood 
by reference to the following detailed description when considered in 
connection with the accompanying drawings, wherein^ 

Fig. 1 is a schematic block diagram showing an embodiment of a 
drive unit for a brushless fan motor according to the present invention,* 

Fig. 2 is a flow chart showing an algorithm of operation of the drive 
unit shown in Fig. l; 

Fig. 3 is a flow chart showing a control section for a plurality of 
brushless fan motors according to the present invention,* and 

Figs. 4A and 4B are representations showing current waveforms of 

the power feed semiconductor switch Trl while the drive unit is in operation. 

[REFERENCE NUMERALS] 

I. Power control circuit 
3. Drive circuit 

5. Hall device 

7. Position detector 

9. Rotational speed detecting means 

II. Abnormality judging circuit 
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25. 



21. 



23. 



OR circmt 
NAND circuit 

Abnormality processing section 



LI, L2 Excitation winding 

Trl Power feed semiconductor switch 

Tr2, Tr3 Excitation changing over semiconductor switches 
[Title of Document] ABSTRACT OF THE DISCLOSURE 

A drive unit for a brushless fan motor is capable of easily controlling 
the rotational speed of the motor without using PWM control. A power 
control circuit is provided for controlling the rotational speed of the rotor by 
controlling the on/off operation of power feed semiconductor switch. The 
actual rotational speed of the rotor is compared with the target rotational 
speed. Based on the compared values, the turn-off time of the power feed 
semiconductor switch is controlled so that the rotational speed of the rotor 
may reach the target rotational speed fast and smoothly. 
[Selected Drawing] Fig. 1 
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